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ABSTRACT: Exercise may help positively improve inflammatory marker levels, therefore promoting better outcomes in breast cancer survivors.
This narrative review is intended to provide an overview between inflammation and breast cancer, in addition to the effects exercise may have
on common inflammatory markers that have been examined in both healthy populations and breast cancer survivors throughout the literature.
The inconsistencies and gaps in the literature addressed may be important for future research to further understand the relationship between
exercise and inflammation, as well as the underlying biological mechanisms that are responsible for these changes. For the purpose of
organization, this review is structured into the following sections: (1) Breast Cancer Facts, Treatment-Related Side Effects, and General Exercise
Benefits; (2) Effects of Exercise on Markers of Inflammation in Cancer-Free Populations; (3) Cancer and Markers of Inflammation; (4) Effects of
Exercise on Markers of Inflammation in Breast Cancer Survivors; and (5) Conclusions.
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Breast Cancer Facts, Treatment-Related Side Effects,
and General Exercise Benefits

Breast cancer facts

Breast cancer is defined as a malignant tumor starting in the
cells of the breast that may metastasize to distant areas of the
body or invade surrounding tissues. Except for skin cancers,
breast cancer is the most commonly diagnosed cancer and the
second-leading cause of cancer death in women in America. In
2017, it is estimated that approximately 252,710 new cases will
be diagnosed along with 40,610 deaths among women from
breast cancer in the United States.!

Breast cancer treatment primarily consists of surgery, chemo-
therapy, radiation therapy, hormone therapy, and targeted ther-
apy. The method of administration depends on the type and
stage of the breast cancer, and many of these treatments are com-
bined according to the needs of the patient. Common surgical
treatments are used to remove cancer from the breast and may
include lumpectomy, partial mastectomy, or total mastectomy.
Chemotherapy, radiation, and hormone therapy treatments are
used either to help prevent cancer cell division and growth or to
destroy cancer cells completely.? Targeted therapies are also
being developed that are tumor specific. These types of therapies
are growing in number and include trastuzumab, also known as
Herceptin, which is a monoclonal antibody given to breast can-
cer survivors who overexpress the protein called human epider-
mal growth factor receptor 2 (HER2/neu receptor) that is
responsible for promoting the growth of cancer cells.’

Breast cancer treatment—related side effects

Breast cancer survival rates have improved due to earlier detec-
tion through increased awareness and screening, advancements

in modern technology, increased self-examination, and improve-
ments in treatment.* Although survival rates have increased in
the past several years, many negative adverse side effects can
result from breast cancer treatment. Treatment-related side
effects may be acute, lasting over a period of days or weeks, or
they may be persistent, lasting years after the completion of
treatment. Pain, infection, tenderness, bleeding, and temporary
swelling are among the side effects of surgical treatment for
breast cancer. Chemotherapy side effects may include weight
changes, nausea, hair loss, fatigue, vomiting, and an increased
chance of infections. Radiation treatments may cause patients
to encounter soreness, fatigue, skin changes, and swelling. Side
effects of hormone therapy may involve hot flashes, fatigue,
vaginal discomfort, and mood swings.3

Overall, usual side effects observed in patients with cancer
who have undergone treatment are depression, worry, pain,
cachexia, dyspnea, nausea, and fatigue.” Studies have reported
that 70% of patients undergoing chemotherapy and radiation
have fatigue.® Both radiation and chemotherapy have also been
shown to cause necrotic death of cancer cells and surrounding
tissues, which can result in increased inflammation in patients
with breast cancer.”

Exercise benefits on breast cancer risk reduction and
treatment-related side effects

An association has been reported between higher levels of
inflammatory markers and breast cancer risk, specifically
with increased markers such as C-reactive protein (CRP)
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and interleukin 6 (IL-6).8-1° Not all studies have found a sig-
nificant inverse association between physical activity and breast
cancer risk, specifically risk of postmenopausal breast cancer.!!
However, strong evidence has been found in epidemiologic
studies that exercise is significantly associated with breast can-
cer risk reduction.!? In a systematic review conducted by
Friedenreich, 73 epidemiologic studies were reviewed provid-
ing evidence that physical activity reduces breast cancer risk by
about 25%.13 In addition, physical activity either before or after
breast cancer diagnosis has been shown to be associated with a
reduction in both breast cancer-specific mortality and all-cause
mortality, with some evidence suggesting a dose-response
effect of decreased mortality risk with increased activity lev-
els.121415 Exercise may also improve overall general health, and
studies have shown that exercise can be a helpful tool in attenu-
ating the physiological effects associated with breast cancer
treatment. Improvements in cardiorespiratory fitness, body
composition, physical functioning, quality of life, and fatigue
have been shown by systematic review evidence in cancer sur-
vivors who exercise.16:17

Patients receiving cancer treatments in previous years
were advised to rest and avoid activity known to further
decrease energy levels. Exercise has been shown by scientific
research to help alleviate the routine symptoms of cancer
treatments such as pain, nausea, and fatigue. Possible benefits
of exercise used to alter normal cancer treatment side effects
include improved cardiovascular efficiency, increased mobili-
zation, muscle regeneration, energy production enhance-
ment, and stimulation of erythrocyte, leukocyte, and
thrombocyte cell production.’ Numerous studies have gener-
ally demonstrated that exercise does indeed reduce insulin
resistance, endogenous estrogen levels, adiposity levels, and
inflammation.13

Effects of Exercise on Markers of Inflammation in
Cancer-Free Populations

Exercise and inflammatory markers

Exercise modulates the immune system in healthy individuals
and can work as a model of temporary immunosuppression.!8
The inflammatory regulation of exercise has been linked to the
production of cytokines.! Cytokines are released at the site of
inflammation as a result of exercise, infection, or tissue injury. The
exercise-induced local inflammatory response is accompanied by
a systemic response known as the acute-phase response.'$20 This
response includes the production of a large number of hepato-
cyte-derived acute-phase proteins, such as CRP.Y?

Although many different cell types produce plasma cytokines,
muscle cells are a major source during exercise.? Muscle con-
tractions can induce a myokine response, which is characterized
by the release of cytokines, such as IL-6, from working muscles.
Regular muscle contraction can mediate signals with myokines
that may suppress pro-inflammatory activities at both distant
sites and within the skeletal muscle itself.2223

The cytokine response in relation to exercise may be initi-
ated due to the mechanical disruption of myofibers. The pro-
duction of cytokines resulting from exercise resembles that
observed in relation to trauma. However, many of the effects
that come with the fully developed, systemic pro-inflammatory
response occurring with trauma do not happen with exercise.
Although the initiation of the acute-phase response develops,
the lack of a fully developed systemic response with exercise
may be due to exercise only resulting in a transient release of
cytokines.’® Increases in pro-inflammatory cytokines such as
tumor necrosis factor o (TNF-o) are minute due to exercise
without muscle damage. This indicates that in nontraumatic
exercise, the cytokine cascade differs importantly from the clas-
sical acute-phase response in infectious systems.?? The fact that
pro-inflammatory cytokines such as TNF-o may not increase
with exercise provides evidence for the difference in the
cytokine response to exercise compared with that of severe
infections.!” Also, anti-inflammatory cytokines, soluble recep-
tors, and receptor antagonists can restrict the inflammatory
response to exercise, potentially having an effect on exercise not
producing a full systemic response.2’

Numerous studies have shown that several cytokines can be
found in plasma both during and after exercise. Although
acute exercise protocols result in short-term changes in par-
ticular cytokines, chronic exercise training may result in
decreased levels of many circulating cytokines.?! Exercise may
also induce an increase in the systemic levels of a number of
cytokines with anti-inflammatory properties and thereby can
protect against chronic medical disorders associated with low-
grade systemic inflammation.’ The mechanisms of inflam-
matory marker changes that are influenced by exercise may
potentially be related to effects on endothelial cells, muscle
tissue, and immune cells.2

Exercise in relation to the inflammatory process

Epidemiologic evidence supports the notion that a lifestyle
with a high degree of physical activity is associated with atten-
uated circulating levels of TNF-a, IL-6, and CRP independ-
ent of age, sex, body mass index (BMI), or blood glucose.
Furthermore, a high level of physical activity is associated with
reduced levels of peripheral inflaimmatory mediators in the
range of 20% to 60% compared with a sedentary lifestyle.?
Physical inactivity has even been shown to be associated with
low-grade systemic inflammation in healthy persons according
to several observational studies.!® In cancer-free individuals,
elevated levels of CRP may be associated with increased body
fat and sedentary lifestyles.”> Overall, multiple studies have
found a strong inverse relationship between physical fitness
and markers of inflammation.26-28

More frequent physical activity may help reduce the levels of
systemic inflammation in the general population. Both rand-
omized controlled trials and cross-sectional reports using non-
cancerous samples have indicated that increased levels of
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exercise are associated with decreased levels of inflammatory
markers such as CRP2°-32 Abramson and Vaccarino found that
a higher frequency of physical activity was independently asso-
ciated with lower odds of having elevated inflammation levels,
such as CRP and white blood cell count, among healthy mid-
dle-aged and older US adults. This association was found even
after adjustments were made for potential confounding factors
including measures of general obesity (BMI) and central obe-
sity (waist-to-hip ratio), which have been shown to influence
levels of inflammation.?’ Also, physical activity has been shown
to be inversely associated with CRP concentrations in a repre-
sentative sample of healthy adults in the United States, suggest-
ing that physical activity may mitigate inflammation.33

Even light to moderate physical activity has been shown to
be associated with lower blood concentrations of inflammatory
markers, especially in cross-sectional designs. Specifically,
Pitsavos et al®* found that leisure time physical activity was
associated with 33% lower concentrations of CRP and 10%
lower concentrations of white blood cell counts independent of
age. Also, only 30 minutes of moderate exercise on a regular
basis may have the ability to facilitate an anti-inflammatory
environment represented by enhanced levels of cytokines such
as interleukin 10 (IL-10).22

There have been randomized controlled trials examining the
dose-response of exercise interventions on inflammatory mark-
ers in postmenopausal women. In the Alberta Physical Activity
and Breast Cancer Prevention (ALPHA) Trial, Friedenreich
et al’! showed that a 1l-year aerobic exercise intervention
decreased circulating CRP, IL-6, and TNF-a levels compared
with usual inactive lifestyles, and increased exercise volume was
associated with significant linear trends of decreasing levels of
these biomarkers. Friedenreich and colleagues also implemented
a yearlong randomized dose comparison trial with postmeno-
pausal women to examine whether higher exercise volume
resulted in a larger decrease in certain markers of inflammation.
The study found no significant improvements in CRP, IL-6, or
TNF-a regarding higher exercise volume (300 minutes of mod-
erate-to-vigorous aerobic exercise per week) compared with
lower exercise volume (150 minutes of moderate-to-vigorous
aerobic exercise per week). However, in considering the overall
effect of exercise time, the investigators did find a significant
trend of decreased CRP levels with increased exercise time. The
authors stated that exercise intensity, in addition to dose, is rel-
evant when determining the impact of exercise on markers of
inflammation, although there is limited research on the rela-
tionship between exercise intensity and changes in biomark-
ers.?> Higher exercise intensity has been associated in some
observational studies with reduced levels of CRP, IL-6, and
TNF-0..34% According to these findings, longer periods of vig-
orous exercise may reduce chronic inflammation more effec-
tively. It should be noted, however, that throughout the literature,
physical activity has not been shown to consistently mitigate
symptoms associated with menopause.3¢

Because adipose tissue is known to be a source of pro-
inflammatory cytokines, decreasing adiposity can lead to lower
levels of circulating cytokines.?”3¥ However, multiple studies
indicate that the association between exercise and inflamma-
tion is not entirely mediated by reductions in obesity, and other
mechanisms such as the antioxidant effects of exercise may be
involved in the relationship between exercise and decreasing
levels of inflammation.?39-41 It is possible that exercise train-
ing in general may reduce markers of inflammation, such as
CRP, both directly and indirectly. Exercise may reduce CRP
directly by reducing cytokine production in muscle, fat, and
mononuclear cells and indirectly by reducing body weight,
increasing insulin sensitivity, and improving endothelial func-
tion.*> Multiple studies have found an association between
exercise and inflammation, but the exact mechanisms through
which physical activity influences the inflammatory process are
not all well understood.1>:2433

Exercise-induced anti-inflammatory response

Several studies have shown that physical activity mediates
strong anti-inflammatory effects in skeletal muscle and fat tis-
sue. Exercise has the ability to produce acute increases in vari-
ous anti-inflammatory mediators.*? The anti-inflammatory
effects of exercise have been attributed to mechanisms that
involve the cytokine 1L-6.22% Interleukin 6 can increase as
much as 100-fold after strenuous exercise, and this increase is
the earliest as well as the most prominent cytokine response to
exercise.*? There is controversy over whether IL-6 has pro-
inflammatory or anti-inflammatory properties, but some stud-
iessuggestthatIL.-6 should be classified asan anti-inflammatory
cytokine due to the fact that IL-6 may stimulate the produc-
tion of IL-10 and the interleukin 1 receptor antagonist protein
(IL-1ra) while inhibiting the production of TNF-a. Interleukin
6 has also been found to enhance the levels of both IL-10 and
IL-1ra, independently of TNF-q. 4344

Starkie et al found that physical activity may mediate anti-
inflammatory activity, and exercise-induced IL-6 production
may help to mediate the effect of exercise on TNF-a produc-
tion. Eight healthy subjects received an endotoxin bolus to
induce low-grade inflammation after 2.5 hours into a 3-hour
bout of exercise on a cycle ergometer. Increases in TNF-a. from
the endotoxin bolus were totally attenuated due to the exercise,
whereas the endotoxin induced a 2-fold to 3-fold increase in
circulating levels of TNF-o during rest in the same subjects.
There are potentially other mediators, such as epinephrine, that
may contribute to the anti-inflammatory effects of exercise as
well. Epinephrine is highly induced by exercise and has the
ability to blunt the appearance of TNF-a production.** The
finding that exercise suppresses TNF-a production has also
been supported in animal models in which exercise normalized
the overexpression of TNF-o in TNF receptors 1 and 2 knock-

out mice.*
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In a 2005 review article by Petersen and Pedersen, circulat-
ing levels of anti-inflammatory cytokines were commonly
found in relation to exercise. As a result of exercise, increases
primarily in IL-6 followed by increases in IL-1ra and IL-10
have been thoroughly reported.! The production of IL-10 that
has been shown with exercise can lead to inhibition of the syn-
thesis of a large range of pro-inflammatory cytokines by differ-
ent cells, notably of the monocytic line of descent. Therefore,
IL-10 may be able to inhibit the production of TNF-o by
attenuating the surface expression of TNF-o receptors.’®#
Interleukin 10 may also be able to inhibit the production of
interleukin 1o and interleukin 1B as well as the production of
some chemokines. The anti-inflammatory effects of an acute
bout of exercise may protect against chronic systemic low-
grade inflammation, but a similar link between the acute effects
of exercise and long-term benefits has yet to be determined.”

Simultaneous increases in both pro-inflammatory
and anti-inflammatory markers due to exercise

Exercise may induce an increase in pro-inflammatory cytokines,
such as TNF-a. This release of pro-inflammatory cytokines
may also be balanced by the release of cytokine inhibitors and
anti-inflammatory cytokines, such as IL-10. These findings
suggest that anti-inflammatory cytokines as well as cytokine
inhibitors may restrict both the duration of the exercise and the
exercise-induced inflammatory response.'®20 Therefore, there
is a parallel anti-inflammatory counter-regulation that is also
part of the acute-phase response to exercise.*>40

Ostrowski et al found a significant increase in TNF-o after
a strenuous bout of exercise (marathon) in healthy adult men.
Significant increases in the inflammation responsive cytokine
IL-6 were also found following the exercise with only a modest
increase in plasma CRP. Both anti-inflammatory cytokines
(IL-10) and cytokine inhibitors were significantly increased
due to the exercise, serving to balance the exercise-induced
release of pro-inflammatory markers.?’ Contraction-induced
IL-6 expression may be followed by a systemic anti-inflamma-
tory response, providing a common underlying pathway by
which pro-inflammatory markers (TNF-a. activity) are attenu-
ated after a single bout of exercise.?? Although strenuous exer-
cise has been shown to resultin positive changes in inflammatory
markers, high-intensity exercise, prolonged bouts of strenuous
exercise, or exercise in an immunosuppressed state may induce
a negative inflammatory state as well as immunosuppres-
sion.#’=°% This phenomenon, called the “open window theory”
describes a period of time after exercise in which an individual
may be subject to increased risk of infection due to a depression
in immune function. “Over-trained” states may result in the
depression of key immune parameters, which have been linked
to imbalances in cytokines.*?

Even though strenuous exercise has been shown to induce an
initial pro-inflammatory and anti-inflammatory response, there

may be a different effect as a result of moderate exercise in
healthy individuals. Markovitch et al found that acute moderate-
intensity exercise had no effect on pro-inflammatory or anti-
inflammatory responses. Twelve sedentary men underwent
30minutes of walking at 50% VO,, .. in which no significant
changes were found in CRP, IL-6, or IL-10 concentrations over
the 7 days following the single bout of exercise. The results from
this study may suggest that the long-term anti-inflammatory
effects that were previously reported with exercise of moderate
intensity must be explained by something other than a net anti-
inflammatory response to each exercise bout.?

Variability found in the levels of inflammatory

markers across studies

There have been many differences found between markers of
inflammation due to exercise. Inconsistent findings have been
reported for TNF-o, IL-6, and CRP in response to exer-
cise.’>20:32 There are several possible explanations for these
variable results on cytokines in relation to exercise including
the following: (1) the intensity and duration of the exercise as
well as the type of physical activity, (2) the specificity and the
sensitivity of the assays used in particular studies, (3) heteroge-
neity of subjects from sample to sample, (4) varying sample
sizes, and (5) different assessments of physical activity and
exercise behaviors. Increased cytokine levels have mainly been
described due to eccentric training, but concentric exercise can
induce cytokine production as well. Also, the magnitude of the
increases found in markers of inflammation may be closely
related to the duration of the exercise.!83046 Very few studies
have examined the inflammatory response due to acute moder-
ate-intensity exercise, and the findings are controversial.
Although some studies have found increases in inflammatory
markers due to acute moderate-intensity exercise, others have
found no changes in these markers.?6>!

Cancer and Markers of Inflammation

Cancer and inflammation

Increased circulating levels of inflammatory markers are known
to be associated with cancer, and large cohort and cross-sec-
tional studies have observed a strong association between
chronic inflammation and some types of cancer.’>>*
Inflammatory cells may have powerful effects on tumor devel-
opment, and inflammation has been shown to act as a tumor
promoter. Inflammation can affect tumor development and
progression in addition to the response to therapy.”> Cytokines
are mediators that govern a vast range of processes involved in
the development of cancer, and markers of inflammation form
a major part of the tumor microenvironment.’® Inflammatory
cells as well as cytokines regulate the entire tumor organ, man-
aging the migration, growth, and differentiation of all types of
cells in the tumor microenvironment.>” These cytokines can
also influence immunosuppression and tissue remodeling in
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the inflammatory microenvironment, which is a critical com-
ponent of all tumors.”?

An irregular balance between pro-inflammatory and anti-
inflammatory mechanisms often occurs in the cancer popula-
tion, leading to chronic inflammation as well as chronic
immune activation.’? Cytokines such as TNF-o may play a
role in tumor progression by producing an optimal environ-
ment for tumor growth, promoting angiogenesis, and assisting
genomic instability.”” Tumor growth initially depends on
increased cell proliferation and reduced cell death, both of
which are stimulated by inflammation-driven mechanisms.
Tumor promotion that is induced by inflammation may occur
early or late in tumor development.” A common view about the
cause of cancer is that inflammation may promote cancer, but
recent evidence has shown that cancer may cause inflamma-
tion. Cancer-induced inflammation may be due to the activa-
tion of intrinsic inflammation pathways by genetic events that
cause neoplasia.’®

Recruitment of inflammatory markers may also interfere
with tumor development and mediate the suppression of tumor
growth. Although inflammatory responses may also be antitu-
mor, patients with cancer often have abnormal inflammatory
responses.”® These abnormal responses may arise from two
different mechanisms: failure to upregulate anti-inflammatory
cytokines and disruption of the host response from the desensi-
tization of receptors. The latter of the two mechanisms may lead
to increased cytokine concentrations, attenuating systemic
responses.”’ The development of malignancy in some cancers
may be preceded by inflammatory conditions, whereas other
cancers may have oncogenic changes driving a tumor-promot-
ing inflammatory environment. Regardless of the origin, this
inflammation may aid in the growth and survival of malignant
cells, angiogenesis, and metastasis. In addition, responses to
hormones and chemotherapy drugs may be potentially altered.>®

Pretreatment markers of inﬂammaz‘ion in patients
with breast cancer

Before surgery, patients with breast cancer have been shown to
exhibit elevated levels of CRP, with higher stages of breast can-
cer resulting in even larger concentrations of CRP. This may
insinuate that CRP is related to tumor progression in these
patients.”® Also, high levels of the cytokine IL-6 has been
shown to potentially be a predisposing genetic factor contrib-
uting to worse breast cancer prognosis.®®¢! It has been found
that cancer survivors with chronic inflammation may have an
overall higher risk of recurrence due to the effects of the inflam-
matory processes on cell growth.”

Altered inflammatory responses occur frequently in women
with breast cancer, and studies have related breast cancer to an
inflammation etiology.”® It has been reported that CRP, TNF-
o, and IL-6 are elevated in patients with breast cancer.>? As
previously mentioned, IL-6 has been found to correlate with
both cancer stage and degree of metastasis as well as breast

cancer recurrence.®? Also, increased CRP levels may be associ-
ated with mortality in women diagnosed with breast cancer.®?

Breast cancer treatments and inﬂammaz‘ion

Surgery, chemotherapy, and radiation can all induce local or
systemic increases in inflammation.®® Surgery may result in tis-
sue injury through the activation of stress-sensing pathways.
Chemotherapy and radiation may result in cancer cell death
through necrosis, which is a pro-inflammatory form of cell
death.” Different cancer treatments can activate the immune
system to generate pro-inflammatory cytokines that have been
associated with toxic effects of treatment, such as bone loss,
flu-like effects, and fatigue. Increases in this category of
cytokines have also been related to cachexia, pain, and resist-
ance to treatment in patients with cancer.”? Cancer and some
of its treatments can encourage an upregulation of pro-inflam-
matory cytokines in which many of these cytokines may pro-
mote a metabolic state or other condition that results in tissue
losses.o* There is also growing evidence that links inflamma-
tion and fatigue both during and after cancer treatment.
Chemotherapy has been associated with acute increases in
markers of inflammation as well as fatigue, which may last long
into survivorship.®®

However, chemotherapy and radiation may be used to elim-
inate the tumor-promoting inflammatory microenvironment
by causing the death of tumor-promoting immune/inflamma-
tory cells.” Activation of the immune system by cancer treat-
ments might also have a role in producing anticancer effects by
differentially altering the secretion of cytokines. Although can-
cer treatments attempt to reduce markers of inflammation,
most of the breast cancer survivors have been shown to display
increased levels of inflaimmation compared with healthy
women.5?

Breast cancer survivors and higher levels of
inflammation

Survivors of breast cancer have been shown to have higher lev-
els of circulating cytokines and receptors than their healthy
counterparts.”>>3 Systemic inflammation has been shown to
potentially be an important long-term prognostic factor for
breast cancer. A significant association has been found between
reduced overall survival and increased concentrations of
inflammatory markers, such as CRP.1% According to Seruga
et al>? preliminary data indicate that circulating levels of differ-
ent cytokines are significantly higher in breast cancer survivors
up to Syears after diagnosis than in healthy controls.
Measurement of percent body fat has been found to be the
most important predictor of inflammatory markers in breast
cancer survivors. Increased body fat may be associated with
increases in inflammation, and considering that many breast
cancer survivors are overweight or obese, increased body fat
could cause additional problems in the inflammatory
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microenvironment of these patients.>?® In addition, breast
cancer mortality rate has been shown to be increased with
weight gain after diagnosis.3® It has been reported that more
than 50% of breast cancer survivors are overweight or obese,
and the breast cancer survivors who gain weight may have
increased levels of inflammation.®> With weight gain, fat cells
in the breast expand and are more likely to die. The death of
these cells may trigger the release of saturated fatty acids, which
activate macrophages. Fatty acids that bind to the receptors of
macrophages may start the cascade of inflammation by trigger-
ing the production of interleukin 1,IL-6, and TNF-0.%

Breast cancer survivors with higher stages of breast cancer
and metastases may have higher levels of pro-inflammatory
cytokines than those with lower stages and nonmetastatic can-
cer.”® Higher levels of pro-inflammatory cytokines may be a
primary cause of fatigue in these patients because persistent
fatigue has been associated with increased levels of these
inflammatory markers in breast cancer survivors.’? Findings
have suggested that TNF-o may play a significant role in
chemotherapy-induced fatigue. Also, animal models have
shown that chemotherapy-induced rises in TNF-a have led to
increased oxidative stress and inflammation in the brain.65
Considering fatigue is one of the most common side effects
experienced among breast cancer survivors, the reduction in
pro-inflammatory cytokines may be essential in improving
their quality of life.>? Likewise, poor survival outcome in
patients with breast cancer has been associated with low expres-
sions of certain anti-inflammatory cytokines, such as IL-10.
Improvements in these levels may help ameliorate prognosis
and life expectancy in breast cancer survivors.®’

Potential reasons for elevated inflammation in
breast cancer survivors

It has been noted that future cancer therapies should focus on
normalizing the inflammatory network to re-establish an over-
all normal host response.’” The occurrence of therapy-induced
inflammation is possible, and the various forms of therapy that
can induce the death of malignant cells may activate cytokine-
producing inflammatory cells.” Current cancer treatments may
not be able to completely diminish the high levels of tumor-
promoting mediators, such as pro-inflammatory cytokines,
while increasing tumor-suppressing factors, such as anti-
inflammatory cytokines.’® The destruction of tumor cells has
been the concentration of cancer treatments for many years.
Proposed strategies to moderate the host microenvironment
offer supplemental approaches to cancer treatment, and can-
cer-associated inflammation may be an interesting target of
antitumor therapies in the future.668

Inhibiting antibodies that have been shown to have a signifi-
cant therapeutic effect in other inflammatory diseases may be
applicable to cancer therapies.”” Even though cancer therapies
attempt to reduce inflammation, this is not always successful
and may be one of the reasons why many cancer survivors have

elevated levels of inflaimmation. In some instances, inflaimma-
tion has been shown to diminish the beneficial effects of cancer
therapy.> Also, cancer therapy, such as chemotherapy and radia-
tion, may cause a strong tumor-associated inflammatory
response due to the necrotic death of cancer cells and surround-
ing tissues that can occur with these types of treatments.”

Discussions about the breast cancer population and inflam-
mation in different studies allude to possible causes, but mech-
anisms as to why breast cancer survivors have increased
inflammation are speculative as of now. Although it is evident
that inflammatory processes may have a role in the progression
of tumors, not much is known about why these survivors still
have increased levels of inflammation after cancer treatment.”
The following are possible mechanisms for why this is occur-
ring: (1) treatment-related increases in inflammation with
muscle and tissue damage due to cancer treatments and (2)
treatments potentially not being able to alleviate inflammatory
markers that could have led to metastasis in the first place.6%¢
How far the cancer progression was in each patient before
treatment could potentially be a big determinant in how well
the treatment can decrease and return levels of inflammation to
normal in the breast cancer population.”

Effects of Exercise on Markers of Inflammation in
Breast Cancer Survivors

Exercise and inflammation in breast cancer
Survivors

Inflammatory markers that have been commonly measured in
this population throughout the exercise oncology literature
include TNF-a, CRP, interleukin 2 (IL-2),IL-6,and IL-10. It
has been suggested by several studies that physical activity is
associated with a modest decrease in mortality for the patients
with breast cancer.!2-1559 In observational studies, better life-
style choices including moderate-intensity exercise have
resulted in improved survival after treatment of patients with
breast cancer.”>”0 It is evident that appropriate amounts of
physical activity may promote an upregulation of anti-inflam-
matory cytokines while downregulating the expression of some
pro-inflammatory cytokines, positively modulating the tumor
microenvironment. Preliminary findings support this shift in a
healthier inflammatory cytokine profile with physical activity
in patients with cancer. As a result, this may lead to improved
muscle tissue status as well as an acceleration of protein synthe-
sis within the skeletal muscle.®* Several exercise trials with
breast cancer survivors have found reductions in both pro-
inflammatory markers and adiposity, and it has been postulated
that physical activity’s effects on cytokine levels may be medi-
ated through fat loss.13,38,62

Exercise has been shown to reduce inflammatory markers,
such as CRP, independent of changes in body fat due to the
modification of cytokine production at nonadipose sites such
as mononuclear cells and skeletal muscle. Reductions in inflam-
matory markers with exercise may occur indirectly through
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improved endothelial function, reduced body weight, or
increased insulin sensitivity.?> The potential anti-inflammatory
effect of physical activity could explain the better outcome of
cancer found in observational studies. Cumulative anti-inflam-
matory effects of repeated exercise bouts could be one of the
mechanisms responsible for the health benefits of regular exer-
cise.’> A physically active lifestyle has been shown to decrease
production of pro-inflammatory cytokines in noncancer popu-
lations and has been reported to improve blood immune func-
tion in breast cancer survivors. Increasing evidence suggests
that exercise may be an important part of the lifestyle of breast
cancer survivors in improving treatment-related fatigue as well
as preventing cancer recurrence and death.121452

Specific studies examining exercise and
inflammatory markers in breast cancer survivors

Summarized descriptions and common inflammatory marker
outcomes in breast cancer survivors of the specific exercise
studies explored in this review are presented in Table 1.

Fairey et al examined the effect of an exercise intervention
on markers of inflammation in breast cancer survivors. In
total, 53 postmenopausal breast cancer survivors were rand-
omized into either a control (n=28) or exercise group (n=25)
in which the subjects in the exercise group trained on cycle
ergometers 3 times per week for 15weeks. The researchers
found no significant changes between the groups in cytokine
production by blood mononuclear cells. In addition, CRP
decreased by 1.39mg/L in the exercise group, whereas it
increased by 0.10mg/L in the control group. Although the
mean between group change in CRP was -1.49mg/L, the
exercise training was found to have a change in CRP that
only approached significance (P=.066). Even though the
study did not find changes in cytokine production, the authors
did find significant improvement in blood immune function
due to the exercise training with an increase in natural killer
cell cytotoxic activity.”572

Hutnick et al were interested in the effect of a 6-month
exercise intervention on both inflammatory and immune func-
tion markers in posttreatment patients with breast cancer. The
study consisted of two groups: an exercise group (n=28) and a
nonexercise control group (n=21). Subjects in the exercise
group underwent combined aerobic and resistance training ses-
sions 3 times per week, but 12 of these subjects participated in
the exercise training for only 3months instead of the full
6 months. The exercise group had higher but nonsignificant
levels of IL-6 throughout the exercise program compared with
the control group. Although there were no significant changes
found in cytokines throughout the exercise intervention, there
were greater levels of lymphocytes, such as CD4* cell activa-
tion, found in the exercise group. These findings suggest that a
moderate-intensity exercise program may result in an increased
immune system function in breast cancer survivors.®

Payne et al also reported no effect of physical activity on
circulating levels of IL-6. The study examined the effect of a
prescribed home-based walking exercise intervention (n=10)
versus usual care (n=10) on IL-6 in older women (aged 55 years
or older) receiving hormonal treatment for breast cancer.
The intervention consisted of a moderate walking activity,
20 minutes in duration, 4 times a week for 14 weeks. IL-6 was
measured at the initial clinic visit and again at 12 weeks in both
groups. No significant differences were found in IL-6 levels
between groups or over time.”3

Goémez et al found no significant changes in TNF-a,
1L-10, or IL-6 among other cytokines in breast cancer survi-
vors after a combined aerobic and resistance exercise training
program. The breast cancer survivors underwent 3 sessions
per week for a total of 8 weeks. The training program was not
able to decrease circulating levels of pro-inflammatory
cytokines or increase levels of major anti-inflammatory
cytokines. However, the authors did observe a decrease in the
IL-10/TNF-a ratio in these subjects due to the exercise that
approached significance. The authors noted that the decrease
found in the IL-10/TNF-o ratio might indicate that the
exercise intervention did have an anti-inflammatory effect
on the breast cancer survivors. The research team then went
on to suggest that perhaps a more intense or longer exercise
intervention may be necessary to induce a significant anti-
inflammatory benefit.>

The effect of resistance training on inflammatory markers
has also been examined in breast cancer survivors. Hagstrom
et al randomly assigned 39 breast cancer survivors to a resist-
ance training group (n=20) or nonexercise usual care control
group (n=19). The resistance training group underwent
supervised exercise 3 times per week for 16 weeks. Markers
of inflammation (serum TNF-a, IL-6, IL-10, and CRP)
were measured before (week 0) and after the 16-week period
(week 17) in both groups. No significant changes between
groups were found for any of the inflammatory markers.
Nonetheless, there was a significant reduction observed in
the exercise group compared with the control group for
changes in both natural killer cell expression of TNF-a
(P=.005) and natural killer T-cell expression of TNF-a
(P=.04). These findings of reduced inflammation were sig-
nificantly correlated with increases in lower body strength
(r=-.69, P<.001; »=-.36, P=.04 for TNF-a on natural
killer cells and natural killer T cells, respectively), suggesting
that resistance training may have a beneficial effect on the
inflammatory profile in breast cancer survivors as a result of
improvements in muscular strength/muscle mass.”

Although some studies have found no changes in inflam-
matory markers due to an exercise intervention, other studies
have. Janelsins et al assessed the effects of a 12-week moder-
ately intense Tai Chi Chuan (traditional Chinese martial art)
intervention on breast cancer survivors. Posttreatment
patients with breast cancer were randomized into the Tai Chi
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Chuan exercise group or a psychosocial support therapy con-
trol group. Subjects in the Tai Chi Chuan group met for
60 minutes 3 times per week. Breast cancer survivors who par-
ticipated in the Tai Chi Chuan were found to have nonsig-
nificant decreases in IL-6 along with nonsignificant increases
in IL-2. The researchers found that changes in fat-free mass
were positively correlated with changes in IL-6 and nega-
tively correlated with changes in IL-2. As fat-free mass
increased, IL-6 also increased but IL-2 decreased. This lead
the authors to believe that the elevated IL-6 levels were posi-
tive markers of the reduction in fat mass that resulted from
the moderate-intensity form of exercise.”

A total of 68 breast cancer survivors were randomized into
either a 6-month aerobic exercise intervention (n=36) or
usual care (n=32) in a study conducted by Jones et al. At
baseline, the study found that both IL-6 and CRP were posi-
tively correlated with percent body fat, body weight, and
BMI, and inversely correlated with pedometer steps per day.
These results suggest that IL-6 and CRP were associated
with higher adiposity as well as lower levels of physical activ-
ity at baseline. After 6 months, plasma concentrations of IL-6,
CRP, and TNF-a did not differ between the exercise and
usual care groups. However, secondary analyses showed a sig-
nificant decrease in IL-6 among exercisers who exercised at
least 120 minutes per week compared with those who exer-
cised less than 120minutes per week. The authors also
reported a borderline significant correlation between change
in percent body fat and change in CRP in women randomized
to exercise (P=.069). Poor adherence to the exercise interven-
tion may have affected the results because women who met at
least 80% of the exercise goal showed significant decreases in
IL-6.The authors concluded by stating potential mechanisms
through which physical activity may reduce inflammation.
These mechanisms include the following: anti-inflammatory
cytokine release during exercise, effects of muscle-derived
IL-6, reductions in adipose tissue, and inhibition of TNF-a
production by epinephrine.?

Meneses-Echdvez et al performed a systematic review
with meta-analysis on multiple studies examining different
types of exercise on inflammatory mediators in breast cancer
survivors. They were able to find that exercise significantly
reduced the serum concentrations of 1L.-6 in breast cancer
survivors using data from eight trials. In addition, their
meta-regression analysis found significant linear interactions
between the exercise intervention length (>11weeks) and
duration (>45min/session) with changes in IL-6 levels.
There were also significant decreases found in the levels of
TNF-a from data taken from six trials, which may be related
to reductions in adipose tissue with exercise. It should be
noted that there was a significant benefit observed for IL-2;
however, data were taken from only two studies that evalu-
ated this cytokine. The authors went on to hypothesize that
long-term exercise may improve the most common symptom

of breast cancer survivors, fatigue, by counteracting key
mediators of low-grade inflammation such as IL-6 in women
with breast cancer.”®

Conclusions

Owverview of the gaps in the current literature and
exercise prescription guidelines far cancer Survivors

The role chronic inflammation plays in the development of
cancer, progression, likelihood of recurrence, and survival is
widely recognized.”” Although there are specific risks related to
cancer treatments that need to be considered when survivors
exercise, there seems to be consistent evidence that exercise is
safe and well tolerated without adverse effects in breast cancer
survivors.”® Few studies have examined markers of inflamma-
tion in breast cancer survivors, and even fewer studies have
investigated the inflammatory response to exercise in this pop-
ulation.”? Also, most of these studies are generally small, and
the evidence is not consistent.”” In general, there are minimal
studies examining the effects exercise has on biomarkers in
patients with breast cancer or survivors that would help in
understanding the mechanisms affecting the relationship
between physical activity and cancer prognosis. It is difficult to
determine whether the type or dose of exercise affects inflam-
matory markers differently because studies are inadequate.'

Most of the studies that have explored the relationship
between exercise and markers of inflammation in breast cancer
survivors have only focused on the inflammatory response due
to long-term exercise interventions in these patients. Most
exercise oncology studies have only observed pre- and postlev-
els of inflammatory markers in response to an exercise inter-
vention and not the effect of an acute bout of exercise on these
markers in breast cancer survivors. It is necessary to observe the
magnitude and temporal response of cytokines to understand
the inflammatory response to exercise. Exercise prescriptions
for breast cancer survivors are modeled after those for healthy
populations.” Findings are currently inconclusive whether
breast cancer survivors have similar exercise-induced inflam-
matory responses as healthy individuals. The acute effects of
exercise need to be explored to examine the more direct rela-
tionship between exercise and the role of inflammation in
breast cancer survivors. Understanding the more acute effects
of exercise may allow for the enhancement of exercise prescrip-
tion guidelines, as well as the time course needed before pre-
scribing the next exercise session. This auxiliary understanding
will be helpful in order for these patients to fully recover and
receive the maximal health benefits of exercise without increas-
ing the risk of further illness.

There are multiple limitations in the current literature
regarding the effect of exercise on inflammatory markers in
breast cancer survivors. There is a lack of objective measures of
physical activity, such as accelerometers, across observational
studies examining physical activity and disease outcome in this
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population. Many of the inconsistencies found between studies
may be due to the wide range of disease stages as well as the
various treatments for patients with breast cancer.”” Also, the
modalities (type) of physical activity have been very diverse
from study to study ranging from aerobic to resistance, combi-
nations of both, and even nontraditional exercise interventions,
such as tai chi. In addition to different doses of exercise employed
from study to study, there are also different intensities of exer-
cise interventions, all resulting in nongeneralizable findings for
the inflammatory response. Furthermore, these different meth-
ods used to assess physical activity in different studies make it
difficult to extrapolate specific recommendations from the find-
ings regarding the exact/optimal type, dose, and timing of phys-
ical activity required to reduce mortality or positively improve
the inflammatory profile after a cancer diagnosis.!* Future
research should focus on determining a prescription of physical
activity that yields clinically significant changes for primary
inflammatory markers in breast cancer survivors.
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